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Trace metal ions play a very important role in biological processes. Trace elements are sub divided into three main categories: i) Essential, like Fe, Cu, Se, Zn, Mn, Cr, Mo, Co and I;  ii) Beneficial but not currently thought to be essential including F, V, Br, and Li ; iii) Toxic metals like Pb, Cd, Hg and Al. Trace metal homeostasis is essential for normal biological functions and any change in homeostasis leads to pathophysiology of cells. 
	Metal imbalances are reported to be one of the etiological factors of neurological diseases like Bipolar Disorders (BPD), Alzheimer’s disease (AD) and Parkinson’s disease (PD). Moreover, metals like Aluminium (Al) and iron (Fe) are found to be increased in specific regions of neurodegenerative brain of AD and PD. These two metals play a pivotal role in neurotoxicity and neurodegeneration. They cause neurofibrillary tangles formation (NFTs), amyloid beta and -synuclein aggregation. Further, Al in conjunction with Fe promotes oxidative stress and apoptosis. Thus Fe, Al plays a significant role in neuronal cell death. 
DNA dynamics is an essential parameter for normal neuronal cell function. Metal ions interact with DNA, might show significant changes in structure and function. Al and Fe are reported to cause cellular toxicity through their interaction with DNA. DNA damage causes genomic instability and cell death. Moreover nuclear localization of Al and Fe has been observed in AD and PD brain.  Recent reports from our lab showed the presence of Z-DNA in hippocampus of AD brain. It was also hypothesized that environmental factors like metals (Al, Fe), oxidative stress, and trace metal homeostasis imbalance might be responsible for the DNA topological changes seen in AD brain. However, there are no studies on Al, Fe  in modulating DNA topology and stability and its relevance to neuronal cell death. 
The present study is focused to understand the Al, Fe interaction with DNA, trace metal homeostasis in serum and brain samples of bipolar disorders, genomic DNA conformation and stability of bipolar depression brain. 
The objectives of the present investigation are
1.	To study trace metal homeostasis in serum and brain samples of bipolar disorder and to develop trace metals interrelation pattern. 
2.	To study Al-Fe-DNA interactions in vitro with reference to supercoiled DNA, linearized DNA and genomic DNA.
3.	To study the conformation and stability in genomic DNA of bipolar depression brain.
	The research work is carried towards achieving these objectives makes the subject matter of the thesis.  The thesis is divided in to five chapters.  
Chapter 1.  General Introduction
	This chapter begins with a general account of metals like Al and Fe in neurological diseases like AD, PD and BPD followed by an overview of current literature. The neurotoxic role of Al and Fe in AD and PD has been discussed in detail. The role of these metals in inducing the oxidative stress and apoptosis also discussed. This chapter highlights the importance of the DNA, supercoiled DNA, metal DNA interactions and gene environmental interaction in neurological diseases. The chapter also highlights the scope of metal chelation therapy and the focus of the present study. We also provided a hypothesis on the metal toxicity in neurodegeneration. 
Chapter 2.  Trace elements levels in serum and brain of BPD and control groups: 
	Bipolar disorder (BPD) or manic-depressive illness is one of the two major psychiatric disorders characterized by recurrent depressive and manic episodes. BPD affects about 1% of the population and causes severe neuropsychological impairments. The illness is implicated in functional impairment and represents an important risk factor for suicide. Pivotal biochemical alterations underlying neuropsychiatric disorders are unknown. There are limited reports on changes in trace elemental levels in the bipolar disorder. It has shown the elevation of Vanadium (V) and Molybdenum (Mo) in serum samples of bipolar mood disorder subjects. Also an increase in Al and Br levels in the serum samples of Li-treated patients has also been reported. Moreover, most of the available information is limited to few selected elements and there is no study, which examines inter-elemental relationships with regard to three different types of BPD. 
The aim of this study is to examine the levels of eleven elements namely Na, K, S, P, Fe, Mn, Ca, Mg, Zn, Cu and Al in serum samples of bipolar patients type I, II, V and compare them with controls, and also to understand the element homeostasis through element-to-element interrelationship in bipolar disorder. The present study also analyzed few trace metals like Cu, Zn, Al and Fe in the hippocampus and frontal cortex region of BPD brain.  Further, this study proposes a hypothesis explaining the possible relevance of trace elemental homeostatic imbalance in serum of BPD to possible effects on the brain. 
	The results showed a definite pattern of variation among certain elements in three types of BPD compared to control. The comparative account of trace elements between the control group and bipolar group patients’ serum samples revealed the following trends: a) in the bipolar I patients, Na, K, P, Cu, Al and Mn are elevated significantly  b) in bipolar II hypomania-Na, Mn, and Al are increased significantly, c) in bipolar II patients suffering from depression-Na, K, Cu, and Al are increased significantly and d) in bipolar V depressive patients Na, Mg, P, Cu and Al are increased significantly. But elements namely S, Fe, and Zn levels are decreased significantly in all three bipolar types. Further, bipolar I (manic) have higher concentrations of Cu, Al, and Mn than bipolar II hypomania. The total elemental concentration (µmole/mL) is higher  in the bipolar groups serum compared to the control group indicating possible imbalance in elemental homeostasis. The data also revealed a clear imbalance in the elemental interrelationship in all three types of BPD serum compared to control as shown by the direct and inverse correlations. These results suggest that a definite disturbance in the elemental homeostasis occurs during the development of BPD. In this perspective, the present study provided a comprehensive database on concentrations of 11 elements (majority of essential and few important toxic elements) in BPD serum in comparison with control groups. And also level of Al, Zn, Cu and Fe in the hippocampus and frontal cortex region of BPD are analyzed. The result showed that Al. Fe and Cu are higher in concentration in frontal cortex but not in hippocampus where as Zn is reduced in both the brain region of BPD.  Further, we proposed a model that increased Al levels in serum of BPD is likely to alter the trace elemental homeostasis pool in the brain elemental homeostasis. We also suggested that irrespective of elements being primary risk factors or consequences of disease mechanism, a change in an individual metal ion will upset the elemental homeostasis pool resulting in a significant imbalance in elemental levels and charge distribution pattern in the biological system. 
Chapter 3A.  Aluminium-DNA interactions
Al is one of the strongly suspected etiological factors in neurodegenerative disorders like AD, PD and Guam Parkinsonism/amylotrophic lateral sclerosis. Recently, our lab for the first time, provided evidence for the presence of left-handed rigid Z-DNA in hippocampus region of severely affected AD brain. It has been hypothesized that one of the etiological factors like Al might be playing a role in right to left handed helical change associated with AD. Studies from our laboratory and others showed that Al preferentially binds to DNA and also showed the strong binding to AT*-specific oligomers and induced conformational transition from Z to A in GC*-rich oligomers. 
To investigate the above mentioned hypothesis experimentally, the present study is undertaken to examine the interaction of Al with supercoiled plasmid DNA (scDNA) and genomic calf thymus DNA (ctDNA). Plasmid scDNA as model system makes an interesting study, in view of the observation that vast arrays of small scDNA packets have been found in animal and human cells and known to be involved in gene expression and these superhelical packets are analogous to plasmid DNA supercoiling.  Hence the results can be correlated to human brain genomic DNA to provide an insight into possible role of Al in the progression of AD pathology with reference to DNA topology. 
	We demonstrated in the present study, the toxic role of Al. Firstly, We showed that Al not only binds to DNA but also able to alter the conformation of the DNA. Secondly, Al also caused DNA nicking by breaking the double strand breaks and altered the stability of the DNA. It is observed that Al induced helical transitions from (B to A, B to C or BCA mixed) in scDNA. BCA mixed DNA conformation is energetically weak and is likely to go into Z-DNA conformation. Further, Al induced helical transition from B to Z in case of genomic ctDNA. This may be biological important as Z-DNA was observed in AD brain. The present study also showed that only Al is capable of inducing the DNA conformation, while other elements (group 13/IIIA) such as Ga, In and Tl are able to destabilize the DNA but could not induce any conformational change. 
Chapter 3B. Iron-DNA interactions 
Iron plays a specific role in the central nervous system (CNS). It is involved in myelin formation as well as in the synthesis of several neurotransmitters and in generation of GABAergic activity. Iron is needed as a cofactor for many enzymes that are involved in the normal function of neuronal tissue such as the non-haem iron enzyme ‘tyrosine hydroxylase’ which is essential for dopamine synthesis and as a cofactor for the production of norepinephrine and serotonin. However, Fe overload has been implicated as one of the causes of neuronal death and can lead to vast range of disorders of the CNS.  Abnormally high levels of Fe in specific brain regions related to PD and AD where neurons undergo degeneration have been reported. 
	Iron is a potentially toxic molecule because it contributes to the enhanced generation of Reactive Oxygen Species (ROS), and causes oxidative damage to biomolecules like DNA, proteins and lipids and thus suspected to play a major role in AD. The present study detected the high level of Fe in the frontal cortex of BPD depression brain. Further, a recent report has shown that Fe is localized in the chromatin region of the neurons in AD brain. We also hypothesized that metals like Al and Fe2+ might play important role in right-to-left DNA handedness change associated with AD
In this perspective, we tried to understand the effects of iron cations (Fe2+, Fe3+ ions) on the conformation, stability and strand breaks on DNA by in vitro studies.  Further, the possible effects of Fe2+ ions on linearized scDNA have been also examined.  The experiment is not based on free radical generation but via Fenton reaction. 
	From our study, we observed the differential effect of Fe2+ and Fe3+on the DNA conformation and its stability. The present finding showed that Fe2+ not only binds to scDNA but is also able to alter the conformation of DNA from normal B to C. Importantly the study showed that for the conformation of DNA to occur, Fe in the reduced state (II) is essential since Fe in the oxidized state (III) lacks such ability to alter the transition. Hence Fe3+ could not induce any structural change in DNA. A previous study from our lab showed that spermine could convert C-DNA to Ψ-DNA. It is known that Ψ-DNA, an ordered, twisted, tight-packing arrangement of the double helix is structurally and immunologically closely related to the left handed Z-DNA family. This indicates that DNA topological changes induced by Fe2+ ions could contribute to the DNA conformational changes as seen in AD brain.
The present study also analyzed the effect of Fe2+ ions on the linearized scDNA with a cohesive end. Interestingly, we observed that Fe2+ can circularize the sticky ends of the restricted fragments of the scDNA. This study therefore showed for the first time the role played by Fe2+ in the circularization of linearized scDNA. The chapter also discussed the possible mechanism of Fe induced DNA conformation and damage. 	
Chapter 4. DNA stability and damage in BPD brain
More recently remarkable progress has been made in identifying changes in the brain related to pathophysiology of BPD. One of the consequences of oxidative stress in BPD  is apoptosis and/or necrosis and recent preliminary study showed that apoptosis is associated with etiology of BPD.
Moreover no studies to date have presented quantitative evidence for the presence of neurodegeneration in major psychiatric disorders. However, recent study evidenced decreased DNA fragmentation in BPD anterior cingulated cortex brain region.  Further, DNA fragmentations have been shown to associate with neurodegenerative disorder like PD. More recently, reported the presence of DNA fragmentation in some region of PD brain.  Further, it is shown that presence of an altered DNA conformation in hippocampus of AD brain. However such information on topology and stability of DNA is lacking in BPD depression brain and no study has been done on DNA fragmentation with respect to different region of BPD brains compared to control brains. 
In this perspective, we studied the stability, integrity and topology of DNA isolated from ten clinically and postmortem psychiatrically confirmed BPD depressive cases and ten age-matched controls. Genomic DNA is isolated from ten regions in the human brain, namely parietal lobe, temporal lobe, occipital lobe, hippocampus, thalamus, cerebellum, hypothalamus, medulla, pons, and frontal cortex collected at post-mortem from cases of BPD and controls and are analyzed for single and double strand breaks in DNA, and their conformations and topology. 
The results showed that DNA from thalamus, pons, medulla, temporal lobe, cerebellum and frontal cortex are damaged accumulating significantly higher number of single and double strand breaks compared to control subjects. However, the complex brain region hippocampus did not show any DNA fragmentation in both control and BPD brains. 	We have also showed classical apoptotic DNA laddering pattern in some regions of BPD brains like thalamus, pons, medulla and frontal cortex evidencing the presence of apoptotic cell death in BPD depressive patients in these brain regions.	Circular Dichroism studies showed that DNA conformation is altered in frontal cortex, cerebellum, pons and parietal lobe of BPD. However, both control and BPD hippocampus DNA showed normal right handed helical B-DNA conformation. To our knowledge to date, this is the first study that showed the presence of apoptotic DNA fragmentation and genomic instability and conformation in region specific BPD brains compared to control. 
	 The thesis ends with a comprehensive Summary and Conclusions of the present study.
In a nut shell the study provides the following significant contributions
1.	The present study has generated a comprehensive data on the levels of 11 elements (both essential and toxic) in serum samples of three different types of BPD affected patients and showed that there is a definite disturbance in inter-element homeostasis pattern in three types of BPD serum. We also analyzed the four trace metal level in two human brain region of BPD and showed high concentrations of Al, Fe and Cu in frontal cortex and no change in Zn level. (Chapter 2).  
2.	We have provided evidence for the role of Aluminium and iron in the alteration of DNA topology, stability and DNA damage.  Al induces a BCA –mixed and Z-DNA conformations in case of scDNA and ctDNA respectively; however, other group 13 metals could not induce any conformational change.  It is interesting to observe that Al has property of nicking the DNA by double strand breaks and damages the DNA. (Chapter 3A).
3.	Iron in the form of Fe2+ could induce the conformational change from B-DNA to C-DNA in supercoiled and calf thymus DNA. However, the Fe3+ did not bring any conformational change to the normal DNA. We also observed that Fe2+ has ability to nick the DNA by single strand breaks and not by double strand breaks.  The present study also observed that Fe2+ has ability to circularize the linearized scDNA (Chapter 3B). These have been very intriguing observations which exposed a new toxic role of Al and Fe. The observations lead to a new debate on whether direct Al and Fe induced DNA damage and conformation change in vitro has any role to play in DNA conformation observed in AD brain and also DNA fragmentation observed in BPD brain and hence open new avenues of research in this direction .
4.	The study provided a new data on DNA stability; integrity and topology of genomic DNA isolated from ten different brain regions from BPD affected human brain samples. We also evidenced the presence of apoptosis some regions of brain of BPD. 

	The present study insights that the trace metal homeostasis is altered in the BPD serum and brain compare to respective controls. Also mapped the mechanism of Al, Fe induced DNA topological changes. Further,  the DNA topology and stability is altered in BPD brain regions except hippocampus. The significance of the results is discussed in detail in the thesis.  
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